C hronic kidney disease (CKD) is a frequent comorbidity among patients with symptomatic cerebrovascular disease, 1 which has been independently linked with poorer prognoses among stroke patients including greater short-and long-term risk of death. [2] [3] [4] [5] [6] Because most patients with CKD die of vascular causes, not progression to end-stage renal disease, more precise quantification of the co-morbid presence and effects of CKD among patients hospitalized with acute vascular events may be insightful. 1 Moreover, it is conceivable that optimal evidence-based treatment of hospitalized patients with both symptomatic vascular disease and CKD may improve clinical outcomes. 1 Recognizing this, the American Heart Association issued an expert advisory recommending that healthcare providers aggressively manage their vascular disease patients with CKD in order to sever potential causal pathways between the kidney and the heart. 7 However, little if anything is known about the quality of evidence-based care provided to hospitalized stroke patients with CKD, and whether such care may differ by level of kidney dysfunction.
The objective of this study was 3-fold: (1) properly quantify the prevalence of CKD among hospitalized ischemic stroke patients and its association with in-hospital outcomes; (2) compare the quality of stroke-related care (ie, interventions addressing the management of stroke) among ischemic stroke patients with and without CKD; (3) assess whether care quality and in-hospital outcomes vary among ischemic stroke patients by CKD stage.
Methods Patient Population
We used data from the Get With The Guidelines-Stroke (GWTG-Stroke) program database. Details of the design and conduct of the program have been previously described. 8 Briefly, the program is a voluntary, national, quality-improvement initiative sponsored by the American Heart Association and American Stroke Association, geared at fostering improved adherence to guideline-based care in patients hospitalized with stroke and TIA. Briefly, participating hospitals use an Internet-based Patient Management Tool (Outcome Sciences Inc, a Quintiles Company) to enter data, receive decision support, and obtain feedback through ondemand reports of performance on quality measures. GWTGStroke participating hospitals record data from consecutive stroke and TIA hospital admissions. Case ascertainment is done via clinical identification during the hospital encounter, retrospective surveillance of International Classification of Diseases, ninth Revision codes, or both. Trained hospital personnel extract data on demographics, medical history, neuroimaging, in-hospital treatment, and discharge characteristics. While the GWTG-Stroke program is overrepresented with larger academic teaching hospitals, the patient demographics and comorbidites are similar to those described in other stroke registries and administrative databases. 8 Out-
come Sciences serves as the data collection and coordination center for GWTG. The Duke Clinical Research Institute serves as the data analysis center and has an agreement to analyze the aggregate de-identified data for research purposes. Each participating hospital received either human research approval to enroll cases without individual patient consent under the common rule or a waiver of authorization and exemption from subsequent review by their Institutional Review Board.
Performance Measures
Seven performance measures, pre-selected by the GWTGStroke program as primary targets for stroke quality-improvement efforts based on prevailing expert consensus treatment guidelines, 9, 10 were used to compare the quality of strokerelated care between ischemic stroke admissions with and without CKD. Acute ischemic stroke performance measures were: (1) intravenous tissue plasminogen activator in patients who arrive <2 hours after symptom onset and with no contraindications to treatment; (2) antithrombotic medication (includes any aspirin, aspirin/dipyridamole, ticlopidine, clopidogrel, unfractionated heparin, low-molecular-weight heparin, and warfarin) administered within 48 hours of admission; and (3) deep vein thrombosis prophylaxis (includes heparins, heparinoids, other anticoagulants, or pneumatic compression devices) within 48 hours of admission in non-ambulatory patients. Discharge ischemic stroke performance measures were: (1) antithrombotic (includes any aspirin, aspirin/dipyridamole, ticlopidine, clopidogrel, unfractionated heparin, lowmolecular-weight heparin, and warfarin) medication; (2) anticoagulation (includes therapeutic doses of warfarin, heparinoid), or other anticoagulants such as direct thrombin inhibitors) for patients with a diagnosis of atrial fibrillation or flutter (paroxysmal, persistent, or permanent); (3) cholesterol treatment (includes statins, fibrates niacin, binding resins, or selective cholesterol absorption inhibitors) if lowdensity lipoprotein cholesterol (LDL-C) >100 mg/dL or if LDL-C is not documented; and (4) counseling or medication for smoking cessation for patients who are current smokers (any cigarettes in past year; "smoking cessation"). The GTWGStroke assessment tool allows clinicians to check a box indicating a contraindication to a given performance measure and in such cases, compliance with the performance measure is seen as being met. To summarize the overall quality of stroke-related care, we calculated a defect-free measure of care, which is a binary variable calculated as the proportion of patients who received all of the interventions for which they were eligible.
CKD Definitions
The serum creatinine level obtained at the time of hospital admission was used to determine the estimated glomerular filtration rate. Patients with missing information in 1 or more hospitals characteristics were excluded from the models (less than 0.25%). Similar multivariable logistic regression analyses were performed to explore the relationship between CKD status and 2 other binary outcome measures (ie, in-hospital mortality and discharge status [home versus other]). We included the same set of pre-specified potential confounders in all 3 of these outcomes-based models, and we chose not to adjust for differences in performance measures because of the inherent problem of confounding by indication (ie, the tendency for patients with inherently poorer prognosis to receive less care). Only eligible patients for each outcome with complete data are included in each model. We also conducted sensitivity analyses by generating models that included all of the aforementioned variables and the measure of stroke severity (NIH Stroke Scale Score) in the subgroup of patients in which this measure of stroke severity was documented (NIHSS missing in 36.1% of study population). NIHSS was analyzed as a continuous variable. All tests are 2-tailed with P<0.05 considered as the level of statistical significance. All statistical analyses were performed using SAS software (version X SAS Institute Inc).
Results
Of 858 124 ischemic stroke admissions at 1624 hospitals during the study period, after excluding patients with serum creatinine values missing (n=151 634), reported serum creatinine value out of range (ie, 0 or >20 mg/dL, n=2195), sex or race variable missing (n=979), and patient transferred out/left against medical advice/discharge status missing/ (n=23 489), there were 679 827 ischemic stroke admissions. An analysis of just those patients with serum creatinine values available versus missing revealed generally similar demographic and clinical characteristics, and where differences existed they were small and unlikely to be of major relevance (Table 1) .
Among these ischemic stroke admissions (n=679 827), over one-third (34.8%; n=236 662) met the definition of CKD. Patients with CKD were older (mean, 76.2 versus 68 years), more likely to be female or white, and more likely to have a medical history of stroke/TIA, carotid stenosis, coronary artery disease/previous MI, hypertension, dyslipidemia, diabetes, atrial fibrillation/flutter, peripheral arterial disease, and heart failure, but they were less likely to be current smokers. Patients with CKD had more severe strokes (mean NIH stroke scale score 8.0 versus 6.7). Table 2 compares the demographic and clinical characteristics of ischemic stroke patients by presence of CKD and stage of kidney dysfunction. Compared with patients with earlier stages of kidney dysfunction (mild or moderate), those with more advanced stages of dysfunction (severe or failure) were older, more likely to be of black race, and much more likely to have a medical history of diabetes, peripheral arterial disease, and heart failure, but less likely to be of independent ambulatory status prior to admission. Patients with more advanced stages of kidney dysfunction (versus earlier stages) were more likely to present with altered level of consciousness or lower admission systolic blood pressure levels, but less likely to have strokes of mild severity.
There were significantly higher rates of compliance with all 7 performance measures and defect-free care among those without CKD compared with those with CKD. However, for some of the measures these differences were numerically rather modest. In-hospital outcomes were much worse for those with CKD versus without CKD across all 3 endpoints studied including in-hospital case fatality (Table 3) . Table 4 shows a comparison of frequencies among ischemic stroke patients with various stages of kidney dysfunction. Significantly lower rates of compliance were observed with all 7 performance measures and defect-free care among those patients with more advanced stages of kidney dysfunction (versus earlier stages), but these differences were numerically very modest with the exception of patients presenting within 2 hours of ictus receiving IV tPA, for which there was a lower compliance rate ranging from 4 to 10 percentage points in those in advanced versus earlier stages of dysfunction (Table 4) . In-hospital outcomes were much worse for advanced versus earlier stages of renal dysfunction including in-hospital case fatality (Table 4) . Table 5 displays unadjusted and adjusted odds ratios comparing ischemic stroke patients with various stages of kidney disease to those with normal renal function for the prespecified stroke hospitalization performance measures and the summary defect-free care measure. Analysis by stage of kidney dysfunction ( Table 5 ), shows that compared with patients with normal kidney function, for patients presenting within 2 hours of stroke onset who received IV tPA or for lipid modifier medication prescribed at discharge, those with severe dysfunction or renal failure versus normal kidney function were less likely to be in compliance; for antithrombotic agents prescribed within 48 hours of admission or at discharge, as well as anticoagulation prescribed at discharge in patients with atrial fibrillation or atrial flutter, those with severe dysfunction and renal failure were less likely to be in compliance, but those with mild dysfunction were more likely to be in compliance; and for defect-free care, those with moderate dysfunction, severe dysfunction, and renal failure were less likely to be in compliance. Table 6 shows unadjusted and adjusted odds ratios comparing ischemic stroke patients with various stages of kidney dysfunction to those with normal function for the 3 outcome measures. In-hospital case fatality was higher for patients with CKD versus no CKD (adjusted OR 1.44, 95% CI: 1.40 to 1.47), and progressively rose with more severe renal dysfunction to the extent that patients with renal failure had well over twice the odds of dying in the hospital compared to those without CKD (adjusted OR 2.39, 95% CI: 2.22 to 2.57). Presence of CKD (versus no CKD) was also associated with poorer outcomes with regard to the endpoints of in-hospital case fatality or discharged to hospice (adjusted OR 1.31, 95% CI: 1.28 to 1.33) and discharge destination other than directly home (adjusted OR 1.06, 95% CI: 1.04 to 1.07). However, analyses by stage of renal dysfunction showed that patients with earlier stages of dysfunction had better outcomes than those with normal function: patients with mild dysfunction had lower odds of experiencing in-hospital case fatality or being discharged to hospice (adjusted OR 0.88, 95% CI: 0.85 to 0.91), and those with mild dysfunction (adjusted OR 0.81, 95% CI: 0.80 to 0.83) or moderate dysfunction (adjusted OR 0.88, 95% CI: 0.86 to 0.90) had lower odds of discharge destination other than home. The more advanced stages of renal dysfunction (severe and failure) were both associated with higher odds of experiencing in-hospital case fatality/ being discharged to hospice and a discharge destination other than home (Table 6 ). Regression models that included the measure of stroke severity (NIH Stroke Scale Score) showed a similar pattern of results (not shown).
Discussion
In this large, contemporary nationwide study, we observed that 1 of every 3 hospitalized ischemic stroke patients had CKD, that the odds of dying in the hospital after adjusting for major confounders was 44% higher for those patients with CKD compared with those without CKD, and the independent relation of kidney dysfunction with in-hospital mortality rose progressively with worsening renal dysfunction. These results, based on >600 000 ischemic stroke admissions at >1500 hospitals, definitively confirm data from previously published analyses of small single-center studies that showed a high prevalence of CKD linked to poorer outcomes among hospitalized ischemic stroke patients. In addition, our study is the first as far as we are aware to evaluate the quality of stroke-related care among hospitalized ischemic stroke patients by CKD presence and stage of kidney dysfunction, finding that patients with evidence of renal dysfunction are significantly less likely to receive several effective therapies, which are currently included in ischemic stroke hospitalization performance and quality measures. This latter finding is in accord with studies among patients hospitalized with acute cardiovascular conditions that revealed greater underuse of medications for vascular risk reduction as kidney function declines. CAD indicates coronary artery disease; CKD, chronic kidney disease; GFR, glomerular filtration rate; LDL, low-density lipoprotein; MI, myocardial infarction. *Compared to normal defined as a glomerular filtration rate≥90. All models are adjusted for age, race, gender, medical history (atrial fibrillation, prosthetic heart valve, previous stroke/TIA, CAD/previous MI, carotid stenosis, peripheral vascular disease, hypertension, dyslipidemia, heart failure, and current smoking), systolic blood pressure (SBP) at admission, hospital size, region, teaching status, and the number of annual stroke discharges from each hospital.
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A major strength of our study was the ability to also examine the relationships of specific stages of kidney dysfunction to various stroke hospitalization performance measures and in-hospital outcome types. For instance, while the overriding message from our results is that presence of CKD is associated with lesser compliance with benchmarks of stroke care and poorer outcomes, these results were primarily driven by the more advanced stages of dysfunction, ie, severe and failure. Indeed, hospitalized ischemic stroke patients with mild dysfunction actually had similar or better in-hospital outcomes when compared with those patients with normal function. On the surface, this may seem counterintuitive since proposed explanations for why vascular disease patients with CKD may have poorer clinical outcomes than those without CKD, is the frequent co-presence in the former patient group of deleterious conditions like anemia, oxidative stress, electrolyte imbalances, hyperhomocysteinemia, and chronic inflammation. 16 However, in our study we observed that patients with mild dysfunction versus normal function were significantly more likely to receive an antithrombotic prescription within 48 hours of admission, be discharged on an antithrombotic, receive anticoagulation at discharge if they had a diagnosis of atrial fibrillation or flutter; showed a strong trend towards being more likely to receive intravenous thrombolysis; showed a non-significant pattern of being more likely to receive a lipid-lowering agent at discharge; and were no less likely to receive smoking cessation counseling at discharge, deep venous thrombosis prophylaxis, or overall stroke hospitalization defect-free care. Although given the nature of our study, we could not establish causality, it is not inconceivable that better in-hospital care and perhaps significantly higher frequency of pre-morbid cardiovascular medications in patients with mild CKD versus normal function may have led to similar or better outcomes among the former patient group. Underutilization of evidence-based treatments has similarly been seen in other patient subgroups with chronic conditions that place them at high vascular risk such as diabetes mellitus and peripheral artery disease. 17, 18 While the specific reasons for why there is an underuse of evidence-based therapies among hospitalized ischemic patients with CKD are not exactly known, it stands to reason that potential contributors to this evidence-practice treatment gap may include the facts that the randomized trial evidence upon which several expertconsensus recommendations for stroke treatment are based typically excluded patients with major renal dysfunction, 9, 10 patients with CKD are generally more likely to experience adverse effects of many medications, 19 given the effect of renal azotemia on platelet function patients with kidney disease are at an increased risk for bleeding, 20 and questionable therapeutic efficacy. 21, 22 All of the aforementioned factors may be leading clinicians caring for hospitalized ischemic stroke patients to be more cautious about prescribing these therapies, despite the greater risk for cardiovascular events and poor clinical outcomes in these patients. [2] [3] [4] [5] [6] However, emerging evidence suggests that the benefits of many secondary prevention drugs used in the treatment of known vascular disease may be of equal or greater benefit to those with renal dysfunction when compared with those without, 19 and a published analysis of the GWTG-Stroke dataset that looked at predictors of tPA-related sICH did not find any association between serum creatinine levels and risk for tPA-related sICH. 23 This study has limitations. First, data were derived from the medical record and depended on the accuracy and completeness of clinical documentation (eg, it is conceivable that some patients reported to be eligible for treatment were not treated due to contraindications or intolerance that was not documented; or very ill patients with advanced CKD in the process of being discharged to hospice for terminal care were not candidates for certain treatments). Second, although hospitals are instructed to include all consecutive admissions or to take a random sample, these processes are not audited so the potential for selection bias exists. Third, while we controlled for known confounders, unmeasured confounding could have affected our results. Fourth, our findings may not necessarily apply to hospitals that differ in patient characteristics or care patterns from GWTG-Stroke hospitals. Fifth, we only examined in-hospital outcomes, therefore, the longerterm impact of CKD or of the differences in quality of care identified in this study on stroke-related outcomes were not determined. Next, although the MDRD formula is the preferred method for estimating renal function, it generally should be applied when renal function is stable, and this may not be the case for many patients admitted with acute ischemic stroke, potentially limiting its usefulness in this population. However, our intent was not to determine precise renal function but to estimate the degree of renal impairment in a large cohort of patients hospitalized with acute ischemic stroke. In addition, admission creatinine was not available in all patients, which may have introduced bias into the findings. Finally, we were unable to definitively establish an association between hospital care performance measures and outcomes or pinpoint the mechanisms by which renal dysfunction may affect mortality.
In conclusion, in this sizeable multi-site study we confirmed that renal dysfunction prevalence is high and associated with poor clinical outcomes among patients hospitalized with an ischemic stroke. Furthermore, we found that despite higher rates of in-hospital mortality linked to worsening renal dysfunction, ischemic stroke patients with advanced stages of dysfunction were significantly less likely to receive evidence-based pharmacologic and non-pharmacologic management strategies during their index hospitalization.
Intensified quality improvement efforts are warranted to enhance the care of hospitalized patients with ischemic stroke and kidney dysfunction.
